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I. Introduction and brief review of previous results 
1.1 Introduction and summary of the report 

In the two previous annual reports, we presented the analysis of the data collected 
by L'0r6al relating to the evolution over time of the anagen, telogen and latency (A, 
T, L) phases for about ten subjects (noted A-K) for more than ten years. Our 
analysis allowed us to characterize each of these individuals by histograms of the 
durations of the different phases. Each histogram is characterized by a mean (^i) 
and a standard deviation (a). Next, we analysed the evolution over time of the 
fraction of follicles In each phase for each individual. 

Finally, as explained in part IV of this report, the study of the topography of the 
alopecias, started during the second year of our study, was completed during this 
third year by the production of a video animated film showing the evolution over 
time of an alopecic or nonalopecic head of hair according to various hypotheses 
on the spatial distribution of the follicular properties. The film presents 18 
sequences of numerical simuiations obtained with the aid of the follicular 
automaton. These simulations show the evolution overtime of a group of follicles 
represented on a square grid corresponding to the entirety of a head of hair, tt is 
assumed that the durations characteristic of the A T and L phases depend on the 
time and the spatial position of the follicle considered. This first prototype video 
film demonstrates the possibilities for using the follicular automaton for 
dynamically illustrating the long-term evolution of a head of hair. Thus, the follicular 
automaton could serve as a tool making it possible to predict, for research 
scientists, doctors or patients, the short- and long-term evolution of an alopecic or 
normal head of hair. 
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i.2 Review of the follicular automaton model and of the results previously 
obtained' 

1.2.1 Follicular automaton 

The model considers a discrete network representing the surface of the scalp 
studied. The number of points (knots) in this network corresponds to the number 
of follicles. Typically, in the simulations which we performed, we take into 
consideration the evolution of about one hundred follicles, which corresponds to 
the number of follicles experimentally monitored for the ten individuals in the study. 

The model, represented in Figure 1. characterizes each follicle by: 

• its spatial position within the network; 

• its state: A (anagen phase). T (telogen phase), L (latency) or M (dead); 

• the time for its next transition, that is to say the duration of its residence time 
in the phase considered; 

• the number of cycles (A-^T-^L-^A) perfomned by this follicle. 

In this approach, the follicles evolve independently of their neighbours. This time is 
a discrete variable which can be counted in months (scale of experimental 
observations). 

The durations of the A, T and L phases are characterized by distributions of which 
the mean values and the standard deviations noted (|ia, oa), {jxt. oj), (m., oj are 
determined on the basis of the experimental data (see our first report). 

The mathematical shape of the distribution for the duration of the various phases 
which we selected is that of the log-normal distribution (see Figure 1.1). 
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Each follicle is characterized by: 

• a spatial position, 

• a state (A, T, L or M phase), 

• the time for the next transition, 

• the number of cycles performed. 

Log-normal distribution of the transition times 

Figure 1 diagram of the follicular automaton model for the evolution of the anagen 
(A), telogen (T) and latency (L) phases. The duration of each phase is 
characterized by a log-nomnal distribution whose mean and standard deviation 
correspond to the experimental observations carried out at L'0r6aL 

1.2.2 Principles of the numerical simulations 
Step 1. Initial conditions 

At the beginning of the simulation, it is necessary to fix the initial state of each 
follicle: starting phase (A. T or L), number of hair follicle cycles already performed 
by each follicle, mean and standard deviation of each distribution, duration of the 
first phase corresponding to the chosen distribution. 
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Step 2. Temporal evolution of the automaton 

At each time interval (equal to one month), the moment for the next transition 
decreases by one month. 

The follicles are tested in order to determine those for which the moment has . 
come to carry out the next transition. These follicles pass to the next state in the 
sequence of the A->T->L-»A cycle. 

The number of A->T->L->A cycles performed by each follicle is counted. If one 
follicle has reached the critical number of cycles rtc, it dies and passes into the 
state M where it remains permanently. 

The parameters for the model may possibly vary over time. The duration of the 
various phases A, T or L can decrease or increase depending on the hypotheses 
which it is desired to test. 

Step 3. Statistical analysis of the data generated by the automaton 

For each time interval, the proportions of the follicles in the various states (A, T, L or 
M) are calculated. The number of hair follicle cycles performed by each of the 
follicles is calculated. 

The automaton returns to the first step until the final simulation time is reached. 
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The follicular automaton reproduces behaviours which are qualitatively and 
quantitatively in agreement with the experimental observations made at U0r6al as 
regards the dynamics of the hair follicle cycles. This model makes it possible to 
make a number of predictions on the long-term evolution of the follicular dynamics. 

1) The automaton reproduces the distribution of the follicles in the A, T and L 
phases which is experimentally observed. It shows that this distribution results 
from mean values and standard deviations of the distributions of the durations of 
each phase. The alopecic individuals are characterized, inter alia, by mean 
durations of anagen phase which are shorter than for the nonalopecic individuals. 
In the alopecic individuals, this results in a fraction of hair in the anagen phase 
which is lower than in the nonalopecic individuals. 

2) The decrease in the fraction of follicles in the anagen phase which is 
observed in certain individuals can be explained by the evolution of the parameters 
for the model over time. For example, if the hypothesis is made that the average 
duration of the anagen phase decreases over time, an evolution of the fractions of 
follicles in each phase similar to that obsen/ed in the subjects G and K is obtained. 

3) We were able to test the long-temn effect of an increase or a decrease of the 
average duration of the different phases. The model then makes it possible to 
monitor the appearance of alopecia or its disappearance according to the 
hypotheses considered. 

4) The model also makes it possible to envisage the consequences of the 
death of the follicles after a critical number nc of hair follicle cycles for a given 
individual. If the hypothesis is made that each follicle can only perform a finite 
number n^ of cycles, then the shorter the durations of the anagen phases, the 
more marked the tendency to permanently lose the hair. 

5) The model also showed the importance, in humans, of the 
desynchronization of the hair follicle cycles which results in high standard 
deviations of the distributions of the duration of the different phases. If the 
synchronization of the hair follicle cycles is increased by reducing the standard 
deviation of the distributions of the anagen phases, then periodic alopecia occurs 
which is reminiscent of the phenomenon of moulting in certain mammals. 



6) The model may be extended to include a spatial variation of the follicular 
properties. It then makes it possible to model the evolution in time and in space of 
the androgenetic alopecias. It is assumed that, on the one hand, the follicles die 
after a critical number of cycles and, on the other hand, that the characteristics of 
the follicles depend on their spatial position. This variability may be due to the 
existence of a spatial gradient in the average duration of the anagen phase. These 
differences could result, for example, from gradients in the spatial distribution of 
hormone receptors or in the hormonal stimulation itself. This modelling was 
extended during the third year of our study and was the subject of a video film 
which shows the evolution, over 20 years, of an alopecic or nonalopecic head of 
hair according to the hypotheses envisaged. This film is presented in detail in part 
IV of the present report. 
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In fact, if the ifigures of our first report relating to data analysis are examined, it is 
obsen/ed that the average levels of follicles in the anagen (A), telogen (T) or latency 
(L) phase are characteristic of an Individual. 

For example, the subject A. who is nonalopecic, has an average fraction of follicles 
in the anagen (A) phase of , in the telogen (T) phase of and in the latency (L) 
phase of (see Figure 24, page 41, first report, and Figure 3.2 below), whereas 
the subject F, who is alopecic, has an average fraction of follicles in the A phase of 
, in the T phase of and in the L phase of (see Figure 34, page 51 , first report). 
These differences in fractions of follicles in the different phases reflect the 
variations In the average life spans of the follicles in each phase. The average life 
spans of the A T and L phases for the subject A are , and months, 
respectively, whereas these average life spans are , and months, 
respectively, for the subject F (see the table on page 29, first report and Figure 3.4 
below). It is therefore observed that one of the characteristics of the alopecic 
subjects, namely a significantly shorter average duration of the anagen phase 
compared with the alopecic subjects, corresponds to a smaller fraction of follicles 
in the anagen phase (also see our second annual report, paragraph 1.2.1, p. 6). 
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Follicular automaton 



A 




L 



Each follicle Is characterized by: 

• a spatial position, 

' a state (A, T, L or M phase), 

• the time for the next transition, 

• the number of cycles performed. 

Log-normal distribution of the transition 
times 



Step 1. Initial condition 

At the beginning of the simulation, it is necessary to fix 
the initial state of each follicle: A, T or L, the distributions 
of the average durations of each phase, the number of 
hair follicle cycles performed and the spatial distribution 
of these data. 



Follicular automaton 
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FoHicular automaton 
Step 2. Temporal evolution 

At each time interval, the moment for the next transition 
decreases by one month. 

The follicles are tested in order to determine those which 
perform a transition. 

The number of hair follicle cycles performed is counted. 
The model parameters are updated. 



Follicular automaton 
Step 3. Statistical analysis of the data 

The proportions of follicles in the different states (A, T, 
L) and the number of cycles performed by each of the 
follicles are calculated. 
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Second sequence 

First type of simulations 

Spatial distribution of the average duration of tlie 
anagen phase. 

The average duration of the anagen phase remains 
constant overtime. 



I ■ 

Spatial distilbiitlon of the average durations 



of the anagen phase ) 
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The graph on the left represents the spatial 
distribution of the number of cycles performed by 
each follicle. 

The graph on the right shows the evolution over 
time of the fraction of follicles in the A, T or L phase. 




Third saauenea 

The average duration of the anagen phase is 20 months 
at the periphery and 12 months at the centre of the 
system. 
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This first prototype animated film demonstrates the possibilities for using the 
follicular automaton to illustrate the long-term evolution of a head of hair. This 
evolution covers a period of the order of 25 years in the simulations presented in 
the film. Ail the simulations make it possible, in a few minutes, to visualise the 
appearance, or the regression following a treatment, of a more or less severe 
alopecia. 

The follicular automaton can therefore serve as a tool for visual demonstration 
making it possible to predict, for research scientists, doctors or patients, the 
evolution of an alopecia over several years. 

In the current state of this first prototype animated film of follicular dynamics, the 
simulations are still presented in an abstract manner. It is desirable to obtain a 
presentation of the simulations which is more realistic and easily understood by 
patients. 

On the one hand, the geometries considered up until now are too simple. It would 
be more realistic, for example, to envisage a circular or elliptic geometry in order to 
visualise the whole head of hair. Moreover, the colour code may correspond to the 
natural hair colours. In this first prototype animated film, the information on the 
state of the follicles considered is given in terms of the fractions in the A, T and L 
phases, of the number of cycles perfbmned, and of the growth time elapsed. It 
would be useful to supplement this information by representing, in parallel, the 
hairs themselves in the process of growing or of disappearing. 

Finally, it is also possible to dynamically simulate the growth of hairs of different 
diameters. 
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I. Introduction et bref rappel des r^sultats precedents 'I,'.. 

LI Introduction et resume du rapport 

Dans les deux rapports annuels pr^c^dents, nous avons presente' ' 
I'dnalyse des donnees recueillies par L'Oreal cohcernant I'^volution au 
cours du temps des phases anagSne, telog^ne, et de latence (A, T, D) pour 
une dizaine de sujets (notfe A-K) pendant plus de dix ans. Notre analyse 
nous a permis de caracteriser chacun de c'es i'ndividus par des 
histogrammes des durees des diff^rentes phases. Chaque histogramnne est 
caracterise par une 'moyenne et un. ecart 'type (O). Ensuife, nous avons 
analyst revolution au. cours du temps de la fraction de follicules dans 
chaque phase pour chaque individu. . ... 
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Enfin, comme expliqud dans la partie IV de ce rapport, I'etude de la 
topographie des alppecies, entamee au cours de la seconde ann^e de notre 
etude, "a ^t^ complet^e au cours de cette troisieme arm^e par la realisation 
d'un film d'animation vid^o montrant revolution au cours du temps' 
d'une chevelure alopecique ou non alopecique. suivant differentes 
hypotheses su'r la distribution spatiale des propriet^s folliculaires. Le film 
presente 18 sequences, de simulations numeriques obtenues a I'aide de 
I'automate foUiculaire. Ces simulations montrent I'^volution au cours du 
temps d'un ensemble de follicules represent^s sur un reseau carrd 
corr.espondant a I'entierete d'une chevelure. On suppose , que les dur^es 
caract^ristiques des phases A, T et D dependent du temps et de la position 
spatiale du foUicule considere. Ce premier prototype de film video 
demontre les possibilites d'utilisation de I'automate foUiculaire pour 
illustrei de maniere dynamique revolution a long terme d'une chevelure. 
Ainsi, I'automate* foUiculaire pourrait servir d'outil permettant de predire, 
pour des chercheurs, des medecins ou des patientS; revolution a court et h 
long term.e d'une chevelure alopecique ou normale. 



1.2 Rappel du module de I'automate folliculaire et des resultats 
obtenus precedemment* 



L2.1 L'automate folliculaire 

Le modye consid^re un reseau discret representant" Ja surface du cuir 
chevelu ^tudiee. Le nombre de points (nceuds) de ce reseau correspond au 
nombre de foUicules. Typiquement, dans les simulations que nous avons 
realisees, nous . prenons en compte revolution d'une centaine de 
foUicules, ce qui correspond au nombre de follicules suivis 
expdrimentalement pour les dix individus de T^tude. 

Le mod&le, repr&ent^ h la figure 1, caract^rise chaque follicule par: 

• sa position spatiale au sein du reseau; • * . 

• son etat: A (phase anagene), T (phase telogene), D (latence) ou M 
(moit); 

• le temps' de sa prochaine transition, c'est-^-dire de la duree de son 
sejour dar\s la phase cor\sid^r^e; 

• le nombre de cycles (A->T->D-> A) effec'tuSs par ce follicule. 

Dans cette approche, les follicules evolvent independamment de 
ieurs voisins. Le temps est ime var:iabl6 discrete qui se compte en mois 
(^chelle des observations exp^rimental'es), 

Les duties des phases A, T et D sont caract^risdes par des distributions 
dor\t les valeurs moyeimes et les 6cart types notes (|J.a. C^a)/ (P-t^ cJt)/ (M-D/ 
Od)/ sont determines sur la bai*e des donn^es exp6rimentales (voir 'notre 

La forme matl^ematique de JavMistTibution pour la dur^e des differentes 
phases que nous avons retenUe est celle de la distribution lognormale 
(voir figure 1.1). 



A — K T 




Chaque follicule est caracterise par: 

• une position sp.atiald, 

• un etat ( phase A, T, D, ou M), 

• le temps de la prochaine transition, 

• le nombre de cycles effectues. 

1 r 1 -1 

/(x;/i.c7)= ——txpl -^—Oogx^ii)' 

Distribution lognormale des temps de transitions 

Figure 1 Schema du modele d'automate fdlliculaire pour revolution 
des phases anag^ne (A) , telogene (T) et de latence (D). La duree de 
chaque phase est caracterisee par une distribution lognormale dont la 
moyenne et I'^cart type correspondent aux observations exp^rimentales 
rSaiisees chez L'Or^al. 



L2.2 Principes des simulations numeriques: 

Etape Iv Conditions initiales. 

Au debut de la simulation, il est necessaire de fixer Tetat initial de 
. chaque follicule: phase de depart (A, T ou D), nombre de cycles foUiculaires 
deja realises par chaque follicule, moyenne et Scart type de chaque 
distribution, duree de la premiere phase correspondant a la distribution 
choisie. 

Etape 2. Evolution temporelle de Tautomate. 

A chaque pas de temps (egal a un mois) le moment de la prochaine 
transition diminue d'ur\ mois. 

. On teste les follicules pour determiner ceux pour lesquels le 
moment est venu d'effectuer la prochaine transition. Ces follicules passent 
a r^tat suivant dans la sequence du cycle A->T-)D-)A. . 

On compte le nombre de cycles A->T->D^A realises par chaque 
follicule. Si un follicule a atteint le nombre critique de cycles nc, il meurt et 
passe dans T^tat M ou il reste definitivement. 

Les param&tres du modfele peuvent ^ventuellement evoluer au 
cours du temps. La duree des differentes' phases A, T ou D peut decroitre 
ou croitre selon les hypotheses que Von desire tester. 

Etape 3. Analyse statistique des donnees generees par I'automate. 

Pour chaque pas de temps/ on caicule les proportions de. follicules 
dans les differentes ^tats (A, T, D ou M). On caicule le nombre de cycles 
foUiculaires effectu^s par chacun des follicules,. . . 

L'automate revient a la premiere etape jusqu'A ce que le temps final 
de la simulation soit atteint. - 



Uautomate folUculaire reproduit des comportements qui sont 
qualitativement et quantitativement en accord avec les observations 
exp^rimentales realis^es chez L'Oreal en ce qui concerne la dynamique des 
cycles folliculaires. Ce module permet de faire un certain nombre de 
predictions sur revolution a long terme de la dynamique foUiculaire. 

1) L'automate reproduit la repartition des foUicules dans les phases A, 
T et D observ'ee- experimentalenrient. 11 montre que cette repartition 
decoule des valeurs moyennes et des ecarts types des distributions des 
durees -de chaque phase, Les individus alopeciques sont caract^rises, entre 
autres, par des durees moyennes de phase anagene plus courtes que les 
individus non alopeciques. Chez, les individus alopeciques, cela se traduit 
par une fraction de cheveu.x en phase anagene plus faible que chez les 
individus non alopeciques. 

2) La decroissance de la fraction de follicules en phase anagene 
observee chez certains individus peut s'expliquer par revolution des 
parametres du. module au cours du temps. Par exemple, si Ton fait 
I'hypothfese que la duide moyenne de la phase anag&ne decroit au cours du 
temps, on obtient une evolution des fractions Ide follicules dans chaque 
phase semblable a celle observ^es chez le&sujets G et K. 

3) Nous avons pu tester I'effet a long -terme d'une augmentation ou 
d'une diminution de la, dur^e moyenne des diff^rentes phases. Le modele 
permet alors de suivre I'apparition d'une alop6cLe ou sa disparition selon 
les hypotheses considSries. 

4) Le module permet egalement d'envisager les consequences de la 
mort des follicules apres un nombre critique nc de cycles folliculaires pour 
un individu donne. Si Ton fait Thy po these que chaque foUicule ne peut 
realiser qu'un nombre fini nc de cycles, alors, plus les durees des phases 
anagenes sont couites, plus la tendance a perdre de maniere definitive les 
cheveux est marquee. 

5) Le modele a egalement montre I'importance, chez THomme, de la 
desynchronisation d6s cycles folliculaires qui se traduit par des ecarts types 
eleves des distributions de la duree des. diff^rentes phases. Si Ton 
augments la synchroriisation des cycles folliculaires en reduisant I'ecnrt 
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type des distributions des phases anagenes, alors il se produit une alopecie 
T periodique qui rappeile le phenomene de mue chez certair\s mammiferes. 

6) Le modele peut etre etendu pour inclure une variation spatiale des 
proprietes folliculaires. II permet alors de iBod^liser revolution dans le 
temps et dans I'espace des alop^cies androgenetiques. On suppose que 
d'une part les follicules meurent apr^s un nombre critique de cycles et 
d'autre part que les caract^ristiques des follicules dependent de leur 
position spatiale. Cette variabilite peut etre due a I'existence d'un gradient 
spatial dans la duree moyenne de la" phase anagene. Ces differences' 
pourraient rdsulter, par exemple, de gradients dans la distribution spatiale 
de recepteurs honnbnaux ou dans .la stimulation hormonale elle-meme. 
Cette modelisation a ^te ^tendue au cours de la troisieme annee de notre 
etude et a fait I'objet d'un film video qui montre revolution, au cours de 
20. annees, d'une chevelure alopdcique ou non alop^cique suivant les 
hypotheses envipagees. Ce film est present^ en detcul dans la partie IV du 
present rapport. 



En effet, si Ton regarde les figures de notre premier rapport concernant 
I'analyse des donn^es, on constate que les niveaux moyens de follicules en 
phase anag&ne (A),, t^logene (T) ou de latence (D) $out caract^ristiques d'un 
individu. 

Par exemple, le sujet- A, qui est non alopecique, pr^sente une fraction 
moyenne de follicules en phase anagene .(A) de , en phase tilogene (T) 
de ' et en phase de latence (D) de (voir figure 24; page 41, premier, 
rapport,-.' . et figure 3.2 ci-dessbus), alors que le sujet F, qui est 

alop^cique, presente une fraction moyenne de follicules en phase A de 

, en'phase T de., ' et en phase D de V . .(voir figupe 34; page 51, 
premier rapport). Ces differences de' fractions de follicules- dans les 
differentes phases refletent les variations des. dur^es de vie moyenne des 
follicules dans chaque pha^e. Les durees d-e vie moyermes des phases A, T 
et D pour le sujet A sent respectivement de 'V* -V; et-;,,,. "mois tandis 
que cGs durees moyennes sent de y-, ' ef. mois respectivement 
pour le sujet F'(voir le tableau de la page 29, premier rappo.rt et figure 3.4 
ci-dessous). On constate done , que I'une deS; caraGteristl^u.e's des .s.ujets 
alop^ciques, a savoir une duree .m^oyentie de phase- anag&ne 
significativement plus courte par rapport" aux sujets alopeciquesv 
correspond i une fraction de follicules' en phase anag&ie plus faible (voir 
aussi nbtre second rapport armiieh. paragraphe 1.2.1, p. 6). 




'^jraci4rl»vS par; 



Distribution lognormale des teinps de 

tf'iBin'si't^ib'ti's 



Etap© 1 . Condftion 'mjM0 
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Automate foUiculaire 

Etape 2. Evolution temporelle 

A chaque pas de temps, le moftient de la 
prochaifie trai^iHten diminy© d'un mois. 
On t^g;j^j1i||i,.iiii-'i^^ ceux 




L@s pS^i^§0SI iho(^ sent actualises. 



Etap© 3, Analyis© 



dss donne@s 



On €al©ylt l:tS"iM©!^l©ins=-^6 foUiOJles 
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Deuxifeme sequence 

Premier type cfe simulations 



Distribution spatiale de la duree mo^nne 
d@ la phase anaf sn®. 

La dLJF§0' p}g||iiipi^9 # pl^aa®: anag^ene 
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L@ grapNque de gauch© mprasenta la 
d^ribution spatlif© du Romir^ d© cyd©s 
afl^Gtues par chaqu^ follkui^. 
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Troisi&me sequence 

La dur^e moyenne de la phase ana|.ene 
est de 20 mois au bord et de 12 mois au 
centre du systeme. 



Ce premier prototype de'film d'animation d^montre les possibilit6s 
d'utilisation de Tautomate ' follicuiaire pour illustrer revolution h long 
terme d'une chevelure. Cette Evolution couvre une periode de I'ordre de 
25 ans dans les simulations presentees dans le film. L'ensemble des 
simulations permet en quelques minutes de visualise! I'apparition, ou la 
regression suite a un traitement, d'une alopecie plus ou moins severe. 

L'automate foUiculaire peut .donc servir d'outil de demonstration 
visuelle permettant depr^dire, pour des chercheurs/ des medecins ou des 
patients, ['evolution d'une alopecie sur plusieurs ann^es. 

Dans I'dtat actuel de ce prem.ier prototype de film d'animation de la 
dynamique folliculaire, les simulations sont encore presentees de mani^re 
abstraite. II est souhaitable d'obtenir une presentation des simulatioris plus 
realiste et facilement comprehensible par des patients. 

D'une. -part, les geometries. considirSes jusqii'i present sont trop 
simples. II serait plus rdaliste, par exemple; d'envisager une geometrie 
circulaire ou elliptique pour visualiser l'ensemble de la chevelure. D'autre 
part, le code des couleurs pourirait correspondre aux couleurs naturelles 
des cheveux. . Dans ce premier prototype- de film . d'animation, 
I'information sur Tdtat des foUicules considdres est donnee en terme des 
fractions dans les phases A,- T et Dj du nombre de cycles effectuis, et du 
temps de croissance 6coule. II serait utile de completer cette information 
en representant, en parallele, les cheveux eux-m§mes en train de croitre 
ou de disparaitre. 

Enfin> il est ^gaiement possible de sirriuler de. inaniSre dynamique la 
crpis^anoe^des^cfeyf Q^t^'^^^^^ 
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